Psoriasis is a chronic skin disease in which genetics play a major role. Although many genome-wide association studies have been performed in psoriasis, knowledge of the age at onset remains limited. Therefore, we analyzed 173 single-nucleotide polymorphisms in genes associated with psoriasis and other autoimmune diseases in patients with moderate-to-severe plaque psoriasis type I (earlyonset, <40 years) or type II (late-onset, ≥40 years) and healthy controls. Moreover, we performed a comparison between patients with type I psoriasis and patients with type II psoriasis. Our comparison of a stratified population with type I psoriasis ( = 155) and healthy controls ( = 197) is the first to reveal a relationship between the CLMN, FBXL19, CCL4L, C17orf51, TYK2, IL13, SLC22A4, CDKAL1, and HLA-B/MICA genes. When we compared type I psoriasis with type II psoriasis ( = 36), we found a significant association between age at onset and the genes PSORS6, FCGR2A, TNFR1, CD226, TNFAIP3, and CCHCR1. Moreover, we replicated the association between rs12191877 (HLA-C) and type I psoriasis and between type I and type II psoriasis. Our findings highlight the role of genetics in age of onset of psoriasis.
Introduction
Psoriasis is a chronic inflammatory skin disorder with a major genetic component. The prevalence of chronic plaque psoriasis is around 2% in the general population [1] . The many genetic studies performed in recent years showed that genes such as interleukin 23 receptor (IL23R) and IL12B and tumor necrosis factor alpha (TNF ) are closely associated with psoriasis and related diseases such as rheumatoid arthritis, psoriatic arthritis, and Crohn's disease [2] . Human leukocyte antigen C (HLA-C) * 0602 is the allele most closely associated with this disease [3] .
The age at onset of psoriasis follows a bimodal distribution [4] : type I psoriasis appears before the age of 40 years (early-onset), with a peak at 16-22 years; type II psoriasis appears after the age of 40 years (late-onset), with a peak at 57-60 years [5] . Type I psoriasis has been associated with several single-nucleotide polymorphisms (SNPs) in genes associated with the immune response ( Table 1) 
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Selection of the Polymorphisms.
We preselected 320 SNPs based on an extensive review of 449 articles describing the association between polymorphisms and psoriasis and response to biological drugs and psoriasis and related inflammatory diseases (rheumatoid arthritis, psoriatic arthritis, and Crohn's disease) [2] . We finally selected 192 SNPs based on minor allele frequency (≥0.05) and on the results of studies performed in Caucasians and psoriatic patients. Information on the 173 SNPs analyzed can be found in supplementary Table S1 , which is published in [3] .
Sample Processing.
A 3-mL peripheral blood sample was extracted from each subject in EDTA tubes. DNA was obtained from samples using an automatic DNA extractor (MagNa Pure System, Roche Applied Science, USA) and its concentration was quantified in Nanodrop ND-1000 Spectrophotometer (Wilmington, USA). The extracted DNA was stored at −80 ∘ C in the Clinical Pharmacology Service until use. [32] . Allele and genotype frequencies were also calculated using the SNPStats program. SNPs that were not in Hardy-Weinberg equilibrium in controls were removed from the subsequent analysis [33] .
Genotyping.
The univariate analysis was performed using R 3.0.2. (SNPassoc) [34] . We constructed various logistic regression models depending on the main types of inheritance (codominant, dominant, recessive, and additive). In the additive model, the presence of 2 mutant alleles confers double the risk of 1 mutant allele [33] . The results were adjusted for rs12191877 (SNP that is strongly associated with the HLA-C * 0602 allele and is highly prevalent in our population) [3, 35] . The optimal model was selected using the lower Akaike Information Criterion (AIC). Subsequently, SNPs with < 0.1 in the univariate analysis (adjusted for rs12191877) were included in a multivariate logistic regression model to adjust for relevant confounding factors (SPSS 15.0). The results of the univariate analysis were adjusted for rs12191877, except when we compared patients with type I psoriasis and patients with type II psoriasis (the influence of rs12191877 was not very relevant). We expressed the results as the odds ratio (OR), 95% confidence interval, and value. Table S1 published in [3] ). However, only 173 SNPs fulfilled the quality criteria. One SNP was monomorphic (rs165161 in the JUNB gene) and was excluded from the statistical analysis. The genotyping success rate was 89.82%, and the reproducibility rate was 100%. All the minor allele frequencies were in Hardy-Weinberg equilibrium except 9 SNPs in the controls and 12 SNPs in the patients (see supplementary Table S1 published in [3] ). The 9 SNPs which were not in Hardy-Weinberg equilibrium in controls were removed from the statistical analysis [33] .
Results
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Association with Type I or Type II Psoriasis. Our findings
showed an association between type I psoriasis and 10 SNPs ( = 155 versus = 197 controls): rs1634517 (CCL4L), rs1975974 (C17orf51), rs12720356 (TYK2), rs1800925 (IL13), and rs6908425 (CDKAL1) decreased the risk of psoriasis 2.94-fold, 2.08-fold, 10-fold, 100-fold, and 2.44-fold, respectively; and rs2282276 (CLMN), rs10782001 (FBXL19), rs3792876 (SLC22A4), rs12191877 (HLA-C), and rs13437088 (HLA-B/MICA) increased the risk of psoriasis 3.90-fold, 2.10-fold, 3.75-fold, 30.54-fold, and 2.52-fold, respectively (Table 2) . However, comparison of 36 patients with type II psoriasis and 197 controls revealed no significant association (results not shown).
Four SNPs were associated with significant decreases in the risk of type I psoriasis ( = 155) compared with type II psoriasis ( = 36), namely, rs191190 (TNFR1; 126.08-fold), rs361525 (TNF-; 190.76-fold), and rs10499194 and rs6920220 (TNFAIP3; 155.02-fold and 19.14-fold, resp.). We also found 5 SNPs that were associated with a significant increase in the risk of type I psoriasis, namely, rs1801274 (FCGR2A; 5.26-fold), rs763361 (CD226; 33.3-fold), rs12459358 (PSORS6; 11.11-fold), rs12191877 (HLA-C; 12.5-fold), and rs1576 (CCHCR1; 166.66-fold) ( Table 3 ).
Discussion
About 75% of patients with chronic plaque psoriasis have type I psoriasis before age 40 [4] , whereas a lower number of patients develop psoriasis at around 50-60 years [11] . Our results are consistent with these findings, since 79.06% of our patients developed psoriasis before the age of 40.
When we compared patients with type I psoriasis and controls, we found 10 significant SNPs in CLMN, FBXL19, CCL4L, C17orf51, TYK2, IL13, SLC22A4, CDKAL1, HLA-C, and HLA-B/MICA.
The HLA-C * 0602 allele is a risk factor for psoriasis [35] and has been associated with both type I [6] [7] [8] [9] and type II psoriasis [10] . In one study, 85.3% of patients with type I psoriasis had this allele [5] , whereas only 14.7% of patients with type II psoriasis were carriers [5] . Other authors found an association between rs10484554 (HLA-C) and type I psoriasis compared with type II psoriasis (OR = 3.24 in type I) [12] . rs10484554 has also been associated with type II psoriasis [10] . In a recent GWAS, the HLA-C gene was associated with type I psoriasis ( = 2.97 − 18 for rs1265181, = 2.58 − 15 for rs12191877, = 1.84 − 15 for rs4406273, and = 1.10 − 07 for rs2395029), but not with type II psoriasis after application of the Bonferroni correction [11] . In addition, our results showed significant differences in rs12191877 (HLA-C) in patients with type I psoriasis ( = 2.50 − 19). However, we did not find this association in patients with type II psoriasis, probably owing to the small sample size in this group ( = 36).
Munir et al. found an association between rs1295685 in the IL13 gene and type I psoriasis ( = 2.47 − 03) [11] . Our results showed an association between another SNP in IL13 (rs1800925) and type I psoriasis ( = 0.034). In addition, Munir et al. did not obtain significant results when they compared controls with type II psoriasis or type I psoriasis with type II psoriasis [11] . Both SNPs in IL13 have been associated with predisposition to psoriasis [36, 37] .
Our comparison of patients with type I psoriasis and controls is the first to obtain significant results for a series of SNPs in type I psoriasis, although the SNPs have already been associated with the risk of psoriasis. rs10782001 in FBXL19 [38] , rs1975974 in C17orf51 [38] , rs12720356 in TYK2 [3, 39] , rs3792876 in SLC22A4 [3] , rs6908425 in CDKAL1 [40] , and rs13437088 in HLA-B/MICA [35] have previously been associated with psoriasis, but not with type I psoriasis. Furthermore, SNPs in CLMN (rs2282276) and CCL4L (rs1634517) have not been associated with psoriasis or age at onset.
We found no significant differences between patients with type II psoriasis and controls owing to the small sample size ( = 36) .
Comparison between patients with type I psoriasis and patients with type II psoriasis revealed significant associations for the following genes: FCGR2A, TNFR1, CD226, PSORS6, TNFAIP3, HLA-C, TNF-, and CCHCR1.
Polymorphisms in CCHCR1 (−386 and −404, CCHCR1 * WW allele) have been associated with type I psoriasis [9, 31] . We found significant differences between rs1576 in CCHCR1 and age at onset. In a study comparing controls (54.8%) and patients with psoriasis type II (66.0%), Allen et al. showed a significant increase in the number of patients carrying rs1576 [41] . This SNP has been associated with psoriasis elsewhere [42] . Douroudis et al. analyzed rs763361 in CD226 in patients with early-onset psoriasis and patients with late-onset psoriasis, although they found no associations [43] . We performed the same analyses and found significant differences between the groups. In addition, rs763361 in CD226 has been associated with severity of psoriasis [43] .
rs12459358 in PSORS6 has been associated with type I psoriasis (G risk allele, OR = 1.47 and = 0.005) [19] . In contrast, our data showed an association between the T allele and type I psoriasis (OR = 11.11; = 0.026).
rs361525 (−238) in the TNF gene has been associated with susceptibility to psoriasis [44] , and the A allele was more frequent in male patients with type I psoriasis ( = 2 − 07) [15, 22] . We found significant results in rs361525 (TNF-) when we compared patients with type I psoriasis and patients with type II psoriasis, although we found no gender differences. Other authors confirmed our association with type I psoriasis in Caucasian [20, 23] and Mongolian patients [24] . A meta-analysis showed an association between rs361525 and type I psoriasis [21] . Baran et al. found no significant differences between rs1800629 in the −308 promoter (TNF ) and type I or type II psoriasis [45] .
Likewise, rs12191877 in HLA-C has been associated with increased risk of psoriasis [35] . Munir et al. [11] compared patients with type I psoriasis and patients with type II psoriasis and obtained significant results for rs1265181, rs4406273, and rs12191877 in HLA-C. We replicated these results in rs12191877 (T allele risk; = 0.045). rs191190 in TNFR1 [46] and rs10499194 in TNFAIP3 [3] have been associated with psoriasis, but not with age of onset. Moreover, rs1801274 in FCGR2A and rs6920220 in TNFAIP3 have not been studied in patients with psoriasis according to age of onset. Given the small sample size in the group with type II psoriasis in our study, our results should be interpreted with caution.
Our results highlight the role of the immune system in psoriasis and enhance our understanding of pathogenic mechanisms. Such knowledge can help to optimize treatment.
Our study is subject to a series of limitations. First, mean age varied between the cases and the controls. Second, the sample size was limited by the number of study patients treated in the dermatology department, thus making it difficult to detect SNPs with a low probability of causing psoriasis. Third, since the SNPs were selected based on a literature review, several major SNPs may not yet have been investigated.
In conclusion, our study confirmed an association between rs12191877 (HLA-C) and type I psoriasis and between type I and type II psoriasis patients. Ours is the first study to show an association between CLMN, FBXL19, CCL4L, C17orf51, TYK2, IL13, SLC22A4, CDKAL1, and HLA-B/MICA and type I psoriasis. Moreover, CLMN and CCL4L have not been previously described in psoriasis. In addition, PSORS6 and TNF have been described as more prevalent genes in type I psoriasis and we showed a significant association when we compared type I psoriasis and type II psoriasis. Ours is the first study to identify an association between FCGR2A, TNFR1, CD226, TNFAIP3, and CCHCR1 and age at onset of psoriasis. Our results suggest that genetics could play a role in age at onset. However, further studies are needed to confirm our findings.
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